It provides a visual perspective for researchers and helps researchers to clearly understand the general situations of specific research fields. Presently, MKD has been widely used in fields such as ecology and transportation safety. In this paper, we conduct a systematically bibliometric analysis of the development trend on urban vitality research by using VOSviewer software, and this work is based on the related articles published in the Science Citation Index Expanded (SCIE) and Social Sciences Citation Index (SSCI) between 1998 and 2018. In the implementation, we firstly introduce the annual numbers of articles, source journals, highly cited papers, and production countries relating to urban vitality research. Then, we adopt a keywords co-occurrence analysis to explore the topic distribution, research frontiers, and research trends of urban vitality research intuitively. Overall, the Mapped Knowledge Domain method has proved to be an effective way to assess research trends in specific disciplines and to contribute to researchers and governments with respect to management and decision-making on issues of science.
Introduction
The history of urban development has exceeded a thousand years. Especially after the eighteenth century, city development has entered a rapid stage. Urban spaces are the carriers of human activities, and the development of cities is closely related to the future destiny of mankind. But what kind of city can be considered as a successful one? This is a question that urban researchers have been exploring for a century. Some literature illustrates that a successful city should make its residents feel safe, comfortable and full of vitality [1, 2] ; have a rich street life, and have a reasonable urban order and urban form which can satisfy the needs of various human activities [3] . The city should have five characteristics: Vitality, suitability, sense, accessibility, and controllability [4] . Among these features, vitality means that the city provides residents with a safe place to live which can satisfy all the necessary activities for them [5] .
Urban vitality is the most basic element for achieving the quality of life in the city. Therefore, an increasing number of scholars are interested in the study of urban vitality. According to Jacob the "liveliness and variety attract more liveliness; deadness and monotony repel life" [6, 7] . Lynch supplemented this idea, believing that urban vitality consists of three main parts: Urban morphology, urban function, and urban society [8] . In his paper, Maas described urban vitality as three aspects: the persistence of people in a public space, their activities, and opportunities, and the place where these activities take place. Maas believed that these are the three basic aspects of community-scale urban vitality [9] . At the same time, March et al. pointed out that the measurement of urban vitality should take into account the range of experience needed for a healthy lifestyle, including privacy, rest and, meditation [10] .
However, how to measure and evaluate the intensity of urban vitality has always been a difficult problem in this field. Existing studies have tried to solve this problem indirectly from different perspectives. For example, some scholars evaluated the vitality of cities from the accessibility of retail stores, transportation, and jobs in cities [11, 12] ; there are scholars who set their sights on the natural environment [13, 14] and socio-economic environment [15, 16] ; other research perspectives include urban landscape aesthetics, urban infrastructure, and social interaction [17] . These findings really let readers have a further understanding of urban vitality.
Therefore, in order to better understand the research themes and trends in a certain scientific field, it is necessary to conduct a systematic and comprehensive analysis of global scientific production [18] . Before this study, many scholars in other disciplines have used this strategy to find their research priorities [19] . In this sense, the bibliometric analysis will play an important role in scientific decision-making [20] . Bibliometrics is a statistical technology which includes scientific publications, citations, patent documents, and reports [21, 22] . Because this technology can integrate and analyze all publicly published documents in a particular research field or discipline [23] [24] [25] , it can reduce the scientific boundaries between countries or regions [26] , and also enable researchers to clearly understand the cooperative relationship between literature authors. Therefore, bibliometrics has received special attention from the scientific community [27] . In the current body of research, there is a lack of work to apply this technology to analyze the current situation and development trends of urban vitality research.
The remainder of this paper is arranged as follows. Section 2 describes the materials and methods used. In Section 3, we introduce the results of the analysis, including the number of publications per year, source journals, influential productive countries, and keywords co-occurrence networks. In Section 4, the results are discussed. Section 5 concludes the paper and draws some meaningful conclusions.
Research Methods and Processes

Data Collection
The Science Citation Index Expanded (SCIE) and Social Sciences Citation Index (SSCI) citation index databases in the Web of Science (WoS) core collection were retrieved as the source database for this study, which is a common source of data for scientific research [28, 29] and bibliometric research [21, 22, 30] . The search expressions included the application of "Urban Vitality" to the "Topic" field, which retrieves the title, abstract, and keywords (including the keywords PLUS) of publications in WoS to find the required literature [31] . The time span was "1998 to 2018", and the publication type selected "Article" and "Review" because they represent most of the literature with complete research results [31, 32] . After the search, a total of 436 eligible documents were collected, and the search results were saved as "Other File Formats" with "Full Record and Cited References", and the data was saved on 25 November 2018.
Scientometric Analysis
Urban vitality is a multidisciplinary research field involving the integration of economics, sociology, and engineering. There are few studies on the current research status of urban vitality done through bibliometric analysis. Bibliometrics is a statistical technique that includes scientific publications, citations, patent documents, and reports. This technology has been widely used in fields such as ecology and transportation safety. It should be noted that bibliometric analysis is a quantitative analysis process, but the results are qualitative [33] . In recent years, many bibliometric tools have been developed by researchers such as Bib Excel, Ucinet, SCIMAT, VOSviewer, and CiteSpace. Some of these software (Bib Excel, Ucinet) are specialized in data processing, but they need to import the results into other visualization software (Pajek, Gephi) to display network maps, while SCIMAT, VOSviewer, and CiteSpace can not only deal with data but also display the results.
The main research method of this paper is based on Scientometrics, and the analysis software used in this paper includes VOSviewer (version 1.6.9; www.vosviewer.com) and MS Excel. VOSviewer is developed by van Eck and Waltman of Leiden University in The Netherlands. It can analyze complex networks with its own clustering analysis function according to the connection strength between projects [34] . At the same time, the software uses Visualization of Similarities (VOS) technology and has strong advantages in mapping knowledge domain display, especially in the aspect of clustering. In general, VOSviewer is a powerful visualization software of document knowledge units, especially suitable for analyzing large-scale data sets and constructing complex networks. Therefore, VOSviewer has been widely used in bibliometrics. In the latest version 1.6.9 of VOS viewer, file formats such as .net, .mat, and .txt can be used to construct keywords co-occurrence networks, reference networks, and coupling networks.
Results
Evolution of Scientific Activity: Prior Analysis
Urban vitality is not a new research field. In traditional research, urban vitality is regarded as a part of urban planning research. It is considered as including the energy and power to promote urban development [35] and the basic elements for realizing the quality of urban life [36] . In recent years, there has been a growing number of studies on urban vitality. The research topics involve urban environment [37, 38] , geographic science [39, 40] , human travel behavior [41, 42] , and other fields, thus forming a wide and diversified academic research system. The change in the number of academic papers for a particular research topic is an important indicator for analyzing the trend of the research topic. Simultaneously, this indicator also reflects the change in the degree of knowledge of the subject. Statistical analysis of the number of papers published in WOS every year can clarify the current research status and future development trend of this area. The trends in the number of research papers on urban vitality from 1998 and 2018 are summarized in Figure 1 .
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Main Journals and Papers with the Most Impact
The 437 documents retrieved were published in 293 different publications. However, as this is an emerging field, the total amount of literature on urban vitality research in 1998-2018 is small, resulting in the scattered distribution of these documents in nearly 300 journals. It should be pointed out, by understanding that the fields of papers received by these journals include urban studies. As listed in Table 1 , among the top 10 most active journals, Cities is the top 1, a well-known urban research journal in America. But the total number of research papers about urban vitality published in Cities so far is less than 20. Even so, it is believed that more papers on urban vitality will be published in this journal in the future. The second-ranked magazine is Urban Forestry & Urban Greening, the areas covered by which are Plant Science, Environmental Science & Ecology, Forestry, and Urban Studies. Up to now, 10 research papers have been published in the magazine. The rest of journals in Table 1 are Urban Design International (9 papers), Sustainability (7 papers), PloS One (6 papers), Transportation Research Record (6 papers), and Habitat International (5 papers). The distribution pattern of the papers published in these journals is decreasing, which is expected in bibliometrics (Bradford method), because only a few journals are dedicated to specific topics, although many other journals may publish scientific papers on the subject.
By analyzing the 10 most cited papers about urban vitality published on WoS, it is clear from Table 2 that the highly cited papers in this field are not closely related to the most active journals in this field. Only two papers in this table are published in the publications listed in Table 1 . The most frequently cited article was "The Change Metabolism of Cities", published in the Journal of Industrial Ecology, which was not listed in the top 10 active journals. From the perspective of urban metabolism, this paper analyses the spatial relationship between urban vitality and surrounding regions and the global resource network and explores the manner of urban sustainable development [43] . This thesis study involved the city's water cycle and energy circulation, resulting in a higher number of references than other papers in Table 2 . Other papers shown in Table 2 are also analyzed, for instance, because some scholars believe that cities are the places where economic and social vitality takes place, and the decline of the urban population will seriously affect the economic and social vitality of cities [44, 45] . At the same time, the diversity of urban residents' occupations has made an important and positive contribution to the vitality of the city [46] . Some scholars also pay attention to the important role of cultural activities in urban economic vitality [47] . Urban social vitality will have an important impact on the ecological environment [48] , but it also has a close relationship with the health of residents [49] [50] [51] [52] .
Quantitative Analysis of Productive Countries
According to the search results, all the research papers on urban vitality come from 59 countries (or territories) in the world. Table 3 lists the top 10 productive countries (or territories) with a total number of 338 academic papers which accounts for 77.5% of the total publications. Most articles are published by developed countries in North America and Europe, including the United States, England, and The Netherlands. Among them, the United States is the most active country in urban vitality research, with 128 papers published, accounting for 29% of the total. Secondly, China has become an emerging and competitive country in scientific research in the world, publishing 48 articles, accounting for 11% of the total; England ranks third, contributing 40 articles, accounting for 10% of the total; Australia and The Netherlands are the fourth and fifth, respectively, with 23 papers. The average number of papers published in countries between the 6th and 7th places is 3% of the total. The cities of these developed countries are either highly modernized or in stages of rapid expansion, so the study of urban vitality is very important for them.
The retrieved publication data are shown as labels and thermographic patches in Figure 2 . The color of the patches depends on the number of papers published by the countries (or regions) which are located at the center of the patches. The larger the number, the warmer (redder) the color of the patches; conversely, the smaller the number, the colder (bluer) the color of the patches. As shown in the figure, in this density view, countries with a large number of published papers are at the center of the plaque. The retrieved publication data are shown as labels and thermographic patches in Figure 2 . The color of the patches depends on the number of papers published by the countries (or regions) which are located at the center of the patches. The larger the number, the warmer (redder) the color of the patches; conversely, the smaller the number, the colder (bluer) the color of the patches. As shown in the figure, in this density view, countries with a large number of published papers are at the center of the plaque. Table 2 , the United States contributed a third of the total publications of the literature, and in fact, the color of the plaque in the United States is also the Table 2 , the United States contributed a third of the total publications of the literature, and in fact, the color of the plaque in the United States is also the deepest. The reason for the leading number of urban vitality research papers in the United States may be that the United States has two world-class megacities in Los Angeles and New York. In addition, there are other big cities also located in the United States. Therefore, it seems that American scholars are more urgent about the study of urban vitality. Another reason may be that after the September 11 attacks, the US government has higher requirements for the safety and resilience of the city. This shows that the United States is indeed the center of urban vitality research in the world. In recent years, Chinese cities are in the stage of rapid expansion, and increasing new urban districts have been set up. This has led Chinese scholars to pay more attention to the study of urban vitality. In Figure 2 , the patch color of China is second only to that of the United States. London is one of the world-class cities. The question of how to achieve the sustainable development of the city and make London more livable has become a problem explored by scholars. Driven by these problems, England has made many scientific and practical achievements in the field of urban vitality research. England's label is clear in Figure 2 , and other countries, such as Australia, The Netherlands, Italy, Germany can be seen in Figure 2 , which shows that the research results of these countries in the field of urban vitality are also important.
Keywords Co-occurrence Analysis: Main Topic Distribution and Research Fronts of Urban Vitality
The keywords are an important part of a research paper, which carries important information about the paper [53, 54] . Systematic analysis of keywords in specific research fields can clearly understand the development trends and research differences in the field [55] . Keywords co-occurrence analysis is often used to analyze the strength of links between different keywords in a large number of documents. By analyzing the co-occurrence relationships of the keywords, we can clearly understand the internal composition relationship and structure in a certain academic domain and reveal the research frontiers of the discipline. Consequently, keywords co-occurrence analysis has become a common research method in Scientometrics.
A total of 2334 keywords appeared in all the collected literature on urban vitality, which would be recognized by VOSviewer and displayed in the co-occurrence network ordinarily. But in order to understand the relationship among the documents, a selection condition was set in VOSviewer, which means that keywords with a frequency of more than 5 appearances can be recognized by the software. The result of the screening was that a total of 94 qualified keywords were successfully identified by the software. Then, we got a keywords co-occurrence network with 851 links on urban vitality research, as shown in Figure 3 . In Figure 3 , each node represents a keyword, the size of the node indicates the number of occurrences of the keyword, and the link connecting of the two nodes represents the relationship between the two keywords.  Cluster 1 (red): All the keywords of cluster 1 are listed in Table 4 , in which "growth" appears the most, with a total of 13 occurrences, followed by "quality", while "air-pollution", "responses", and "biomonitoring" are ranked 3rd-5th, respectively.
On the hand, "growth" in this cluster means the patterns of growth of a city. For example, He used association rule analysis to explore the relationship between different urban growth patterns on urban vitality, and the results indicated that different forms of urban growth have different effects on urban vitality [36] . On the other hand, "growth" refers to the growth of urban trees [56, 57] . These keywords also include "drought", "tree vitality", "vegetation", and "forest". From this research perspective, these keywords seem to have no direct connection with urban vitality. However, in fact, the vegetation and green infrastructure in cities are considered as important components of the cityscape [58, 59] , and they are of great significance to people living in cities. At the same time, plants can create suitable places for human activities and can alleviate air pollution in the city, which is conducive to residents' outdoor activities, leisure, and social interactions [60] , effectively enhancing the vitality of the city [37, 61] . It can be clearly seen that the research theme of urban vitality has roughly formed six clusters in Figure 3 , and there is a significant correlation between the keywords in each cluster. According to the current situation of urban vitality research, the six clusters were analyzed as follows.
• Cluster 1 (red): All the keywords of cluster 1 are listed in Table 4 , in which "growth" appears the most, with a total of 13 occurrences, followed by "quality", while "air-pollution", "responses", and "biomonitoring" are ranked 3rd-5th, respectively. On the hand, "growth" in this cluster means the patterns of growth of a city. For example, He used association rule analysis to explore the relationship between different urban growth patterns on urban vitality, and the results indicated that different forms of urban growth have different effects on urban vitality [36] . On the other hand, "growth" refers to the growth of urban trees [56, 57] . These keywords also include "drought", "tree vitality", "vegetation", and "forest". From this research perspective, these keywords seem to have no direct connection with urban vitality. However, in fact, the vegetation and green infrastructure in cities are considered as important components of the cityscape [58, 59] , and they are of great significance to people living in cities. At the same time, plants can create suitable places for human activities and can alleviate air pollution in the city, which is conducive to residents' outdoor activities, leisure, and social interactions [60] , effectively enhancing the vitality of the city [37, 61] .
• Cluster 2 (green): The most frequently used keyword for this cluster is "city", where the city means a place where human activities can be satisfied. The same keywords include "cities", "urban", "space", "public space", "neighborhoods", and "urban space" in Table 5 . It is worth noting that keywords in a paper are often distributed in two or more clusters, which result in an interesting phenomenon in keywords co-occurrence networks; that is, there is a certain degree of overlap between different clusters.
Maintaining community vitality has become an important strategy for urban development [62] , while outdoor public spaces are the most dynamic places in the city. Public space in cities, which are available to varying extents in all urban areas, can be used for outdoor activities, leisure and social interactions [60] , which helps to improve the quality of life in urban areas and thus effectively enhances the vitality of cities [37, 61] . On the other hand, the vitality and function of spaces largely depend on the comfortable conditions of people in these places [60] . Specifically, urban public space includes urban green space [37] , historical blocks [63] , walking streets [64, 65] , and so on; however, the city is a complex entity, and the efficiency of an urban public space is limited by many factors such as climate [62, 66, 67] , vegetation [58] , and historical buildings [62] . The issue of how to successfully transform the potential of public space use into high-quality life is an arduous task. Zhang used spatial syntax to describe the changes of the street structure in Shichahai Road, Beijing, and the results showed that Beijing is increasingly dependent on automobiles, which has reduced the vitality of Beijing to a certain extent [68] . These research results promote the trend of sustainable development of cities and become a scientific reference for policymakers. • Cluster 3 (blue): The keywords (Table 6 ) of this cluster almost all appear in the relevant research on urban form and neighborhood vitality. In recent decades, neighborhood vitality has also received a growing amount of attention [69] [70] [71] , and urban form is considered to be an effective way to promote neighborhood vitality [72, 73] . Mixed land use, as the most typical feature of urban form, is the principal factor to be solved in the study of neighborhood vitality [42] ; other characteristics include block density and accessibility [9, 74, 75] . These characteristics reflect differences in urban neighborhood characteristics in different urban forms, and these differences may have direct impacts on urban vitality [76] . Mixed land use can effectively promote neighborhood vitality, which is widely accepted in urban planning [77, 78] . Similarly, traffic accessibility and block density can also be used to promote and maintain urban vitality [79] . At the same time, studies have shown that improving community vitality is an effective approach to reducing crime rates [80] , alleviating gender discrimination [81] , and enhancing community resilience [82] .
• Cluster 4 (yellow): In Table 7 , the keywords for the "built environment" appear most frequently. The "built environment" refers to places provided for human activities between buildings, including streets, green space, and other outdoor public space. In fact, all human physical activity takes place in the built environment. Conversely, it is precisely because of human activities that it brings vitality to the city and promotes economic growth and social development of the city. In academia, many documents describe the complex relationship between built environment, physical activity, and public health [83] [84] [85] [86] [87] . The urban building environment is characterized by high density and mixed land use, and the good street network between buildings provides space for walking and other physical activities [88, 89] . The urban building environment contains a variety of human activity information [90] , which usually exists in mobile location [91, 92] and social media data with geotags [93, 94] . By collecting and extracting these characteristics information (such as time, age, gender group, and region), the distribution of people in urban spaces can be revealed, and the relationship between human diversification behavior and urban vitality can be established [95] . These studies showed that good street networks and comfortable public environments are closely related to urban vitality [96] , which can help guide policymakers and urban planners to conduct their actions and enhance street vitality through renovating the building environment.
• Cluster 5 (purple): The most frequent keyword of this cluster is "China", followed by "quality of life" "population" in the Table 8 , which may be because many scholars are very interested in the urban development of China as a developing country, and are especially interested in the specific population demographics in Chinese cities, including women, the elderly, and rural migrants. Improving the quality of life and living environments of these people is the most significant benefit of improving urban vitality. Studies had demonstrated that by improving the vitality of urban space through relevant measures, the number of women in this area will increase, and their quality of life will also be improved [97] . For urban migrants and the elderly, the same results apply. Therefore, it is also important to analyze the comfortable conditions of urban public spaces for the vitality of urban spaces.
• Cluster 6 (orange): The number of keywords in this cluster is the least of all; there are only six keywords ( Table 9 ). As can be seen in Figure 3 , the uniqueness of this cluster does not seem to be significant but is embedded in other clusters. The reason for this phenomenon may be because the keywords in cluster 6 and the keywords in other clusters have a strong correlation in meaning. For example, the keyword "health" with the highest number of occurrences in cluster 6 refers to the health status of residents. It is well known that "green space" and "urban environment" can improve the quality of life of residents [98] , alleviate the working pressure of urban residents, and then improving the health level of residents [99] [100] [101] . Obviously, these keywords are closely related to "built environment" (cluster 4), "quality of life" (cluster 5), "public space" (cluster 2), "vitality" (cluster 2), "satisfaction" (cluster 5), "neighborhood" (cluster 4), and they often appear in the same paper. It is not clear why VOSviewer classified these keywords into the same category and formed a new cluster instead of assigning them to other similar clusters. This reason needs to be explored in future work.
Further Discussion
Generally speaking, urban vitality has attracted more and more attention in academic circles. As described in this paper, urban vitality has formed a wide and diverse literature knowledge system. In terms of the number of publications, papers on urban vitality are showing a rapid growth trend, which may be caused by the acceptance of the concept of sustainable development across the world. In another sense, the increase in the number of papers reflects the requirements of urban residents necessary to improve the quality of life.
In terms of research topics, unlike traditional research on urban vitality, some scholars have conducted micro-observations on urban vitality by using new geographic data and have achieved many surprising research results in recent years. For example, social media registration data can reflect the population distribution and mobility in urban spaces, which has been widely used to analyze patterns of human mobility [102, 103] and urban structures [104] [105] [106] . In the existing studies, the contribution of urban morphology to neighborhood vitality has not been fully or systematically measured, especially in Chinese cities. Because streets and public spaces are objectively physical places and do not have life characteristics, it follows that only users living in public spaces can reflect the vitality of streets and public spaces. Some scholars used GPS-facilitated activity diary data to analyze the impact of the urban form on neighborhood vitality. From the perspective of residents' non-working activities around their neighbors, GPS-facilitated activity diary data can reflect the real interaction between residents and neighbors [42] . In addition, these data can also be used to analyze the socio-economic characteristics of residents to show how different types of residents can promote the vitality of neighborhoods under the influence of the urban form. In summary, although the research topics in the field of urban vitality are very diverse, scholars prefer the research topics of urban morphology, geographic data, human travel behavior, and so on. These topics have become hot topics in the study of urban vitality.
Conclusions
In conclusion, this paper evaluates urban vitality research from 1998-2018 through bibliometric analysis in order to quantitatively understand the literature trends related to the theme. The MKD analysis method based on Scientometrics has advantages of visualization, quantitative analysis, and knowledge discovery. This paper uses VOSviewer to carry out a multi-angle and complementary analysis of urban vitality research. The main conclusions are as follows:
•
The increase in the number of articles indicates that the study of urban vitality in the global academic community is developing rapidly. According to the distribution of articles in different countries, the United States, China, and England rank in the top three, which indicates that these countries are the development centers and active areas of urban vitality research. In terms of source journals, Cities, Urban Forestry & Urban Greening, and Urban Design International are authoritative journals in the field of urban vitality research. They are important platforms for publishing and exchanging research results.
Through the co-occurrence of keywords in the clustering network map and the analysis of urban vitality research activities, it is found that the frontier topics of urban vitality research include six representative areas. There are some overlaps among the six clusters, which shows that there are some similarities among different research topics. This result confirms that urban vitality is a cross-disciplinary research field.
In this study, we focus on the research topics and frontiers of urban vitality. We propose a systematic analysis based on MKD to determine the knowledge base, topic distribution, and research trends. In future research, the development of branches or themes of urban vitality research will be further studied. In the meanwhile, other bibliometric analysis tools (such as Citespace) will be considered in combination with the results of this paper. In addition, the weight of keywords, authors, and source journals will be the emphasis of the next study to make the results of this paper more meaningful.
